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AbstrACt
Objective To assess pathways and associated costs of 
seeking care from the onset of symptoms to diagnosis 
in patients with confirmed and presumptive tuberculosis 
(TB).
Design Cross-sectional study.
setting District hospital in Dar es Salaam, Tanzania.
Participants Bacteriologically confirmed TB and 
presumptive TB patients.
Primary and secondary outcome measures We 
calculated distance in metres and visualised pathways 
to healthcare up to five visits for the current episode of 
sickness. Costs were described by medians and IQRs, with 
comparisons by gender and poverty status.
results Of 100 confirmed and 100 presumptive TB 
patients, 44% of confirmed patients sought care first 
at pharmacies after the onset of symptoms, and 42% 
of presumptive patients did so at hospitals. The median 
visits made by confirmed patients was 2 (range 1–5) and 
2 (range 1–3) by presumptive patients. Patients spent 
a median of 31% of their monthly household income 
on health expenditures for all visits. The median total 
direct costs were higher in confirmed compared with 
presumptive patients (USD 27.4 [IQR 18.7–48.4] vs USD 
19.8 [IQR 13.8–34.0], p=0.02), as were the indirect 
costs (USD 66.9 [IQR 35.5–150.0] vs USD 46.8 [IQR 
20.1–115.3], p<0.001). The indirect costs were higher in 
men compared with women (USD 64.6 [IQR 31.8–159.1] 
vs USD 55.6 [IQR 25.1–141.1], p<0.001). The median total 
distance from patients’ household to healthcare facilities 
for patients with confirmed and presumptive TB was 
2338 m (IQR 1373–4122) and 2009 m (IQR 986–2976) 
respectively.
Conclusions Patients with confirmed TB have 
complex pathways and higher costs of care compared 
with patients with presumptive TB, but the costs 
of the latter are also substantial. Improving access 
to healthcare and ensuring integration of different 
healthcare providers including private, public health 
practitioners and patients themselves could help in 
reducing the complex pathways during healthcare 
seeking and optimal healthcare utilisation.
bACkgrOunD 
Patients with confirmed and presumptive 
tuberculosis (TB) follow complex pathways 
to healthcare. Pathways to healthcare are the 
steps/ways the confirmed and presumptive 
patients take from the initial point of seeking 
healthcare to the point of diagnosis and treat-
ment.1 2 Many patients consult various health-
care providers before being diagnosed with 
TB.3 4 These pathways are usually complex 
and delayed diagnosis and treatment may 
increase morbidity and mortality.5 The WHO 
estimated an incidence of 10.4 million TB 
cases in 2016, yet only 6.3 million new TB 
cases were notified to national authorities 
and reported to WHO.6 Although many 
factors contribute to this notification short-
fall, the complexity of pathways to TB care 
may substantially contribute to low notifica-
tion rates.
TB is widely regarded as a disease of poverty 
due to its disproportionate effects on the 
marginalised populations.7 8 To help socially 
and economically marginalised groups fight 
the disease, healthcare facilities diagnose 
and treat TB free of charge in countries with 
a high TB burden.9 However, patients with 
symptoms of TB face high direct and indirect 
strengths and limitations of this study
 ► We present data on pathways to care and assess 
costs of care in patients with confirmed and pre-
sumptive tuberculosis (TB) in Tanzania.
 ► We estimate costs of care by stratifying costs ac-
cording to poverty status and gender.
 ► Estimated costs for TB diagnosis did not account for 
HIV and other comorbidities.
 ► The accuracy of reported costs may have been com-
promised by recall bias.
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costs for diagnosis and treatment,10–13 and these costs 
are usually higher for patients with confirmed TB than 
presumptive cases.3 14
Prior to diagnosis, the pathways to care of presump-
tive TB in Tanzania are complex. They usually involve 
consultations with more than one healthcare provider 
with suboptimal or no means for diagnosing TB.4 15 
The complex pathways to care may begin at pharmacies 
and basic healthcare facilities with no TB diagnostics 
before reaching healthcare facilities with TB diagnostic 
capacity.14
A national TB prevalence survey in Tanzania indicated 
that the case detection rate of TB was below 50%.16 This 
result may be due to the complexity and the high cost 
of care.15 17 18 The recommended pathway to care for 
patients with TB is to present themselves to the appro-
priate healthcare facilities for TB diagnosis after recogni-
tion of TB symptoms.9 19 20
Research has focused predominantly on patients who 
have already been diagnosed within the healthcare system, 
rather than costs for presumptive TB cases prior to diag-
nosis.21 Costs for presumptive cases are not well under-
stood, especially in sub-Saharan Africa.3 22 In addition to 
financial costs, sociocultural and gender-related factors 
can shape how patients seek healthcare,23 yet such studies 
of the influence of these factors are scarce.24 Finally, only 
few studies have examined pathways and costs of seeking 
healthcare by comparing confirmed and presumptive TB 
patients.3 10 25
Objective
We aimed to assess the pathways to care and associated 
costs of seeking care from the onset of symptoms until TB 
diagnosis in patients with confirmed and presumptive TB 
in Dar es Salaam, Tanzania.
MethODs
study setting and study population
The study was conducted within the framework of an 
on-going TB cohort (TB-DAR) study among the adult 
population in the Temeke district of Dar es Salaam, 
Tanzania.4 The district is densely populated with a popu-
lation of 1 369 000 persons.26 It ranks as the poorest in 
the region with 29% of the households living below the 
poverty line, resulting in 295 poor persons per square kilo-
metre.27 The number of healthcare facilities in Temeke 
district is low compared with other districts in the region. 
There are six public and private hospitals, eight health 
centres and 121 dispensaries.28 In 2011, a total of 4112 TB 
cases of all forms were notified in the Temeke district, of 
which 1760 (43%) were smear positive.29
We included adult, sputum smear-positive patients with 
TB and presumptive TB cases who were consecutively 
enrolled in the TB-DAR study4 30 between August 2016 
and January 2017, until the target sample size of 100 
patients in each category was reached (figure 1). Based 
on power calculation and previous studies,3 25 we included 
100 patients with confirmed TB and 100 patients with 
presumptive TB allowing to detect a statistically significant 
difference in the prevalence of diagnostic delay between 
the two groups of patients with a power of 80% in case of 
a true difference of at least 20%. Inclusion criteria were, 
(i) ≥18 years of age at recruitment; (ii) bacteriologically 
confirmed TB diagnosis, or with presumptive TB and 
(iii) residency in the Wailes I or II subdistricts of Temeke. 
Additionally, patients in both groups were screened for 
TB using sputum smear microscopy and Xpert MTB/RIF. 
We excluded patients who did not provide consent and 
those with incomplete data.
Data collection
Interviews
We interviewed patients, reconstructed retrospectively 
visits to healthcare facilities and collected data on direct 
and indirect costs using a standardised questionnaire 
at the TB clinic. The data collected included patient 
sociodemographic and socioeconomic characteristics, 
TB symptoms, the duration of the time from the onset 
of symptoms until the first help seeking in a health-
care facility and the number of healthcare facilities that 
patients with confirmed and presumptive TB had visited. 
Data were recorded on tablets using the OpenDataKit 
application.31
Pathways to care
Visualisation charts were used to reconstruct the pathways 
to care for each patient from the onset of symptoms until 
TB diagnosis up to five visits. We assessed all visits to the 
healthcare facilities made, including transport used and 
approximate distance from the household to the respec-
tive healthcare facilities. Healthcare facilities included 
pharmacies, dispensaries, health centres, traditional and 
religious healers and private and government hospitals.
Geographical information system data
We collected geo-coordinates of healthcare facilities, 
including all pharmacies, dispensaries, private and 
governmental hospitals, health centres as well as tradi-
tional healers identified in the study area. We also 
collected geo-coordinates of households of all patients 
who participated in the study.
Costs of care
We asked patients to estimate direct and indirect costs 
associated with each visit from the onset of symptoms 
until TB diagnosis, using a standardised questionnaire.32 
Direct costs included costs for diagnosis (such as costs for 
X-rays), medical costs (as costs for drugs that excluded 
TB drugs), food, transport and other costs that included 
special supplements and vitamins. Indirect costs included 
income reduction, decreased production costs, coping 
costs (including the use of savings or selling of house-
hold assets to cater for sickness) and reduced payment 
for labour. Calculation of patient costs relied on the 
2008 WHO tool.32 We report costs as US Dollars (USD), 
converted from Tanzania shillings using the exchange 
 o
n
 23 April 2019 by guest. Protected by copyright.
http://bmjopen.bmj.com/
BM
J O
pen: first published as 10.1136/bmjopen-2018-025079 on 20 April 2019. Downloaded from 
3Mhalu G, et al. BMJ Open 2019;9:e025079. doi:10.1136/bmjopen-2018-025079
Open access
rate from the Bank of Tanzania of USD/TZS 2167.84 as 
of August 2016.
Definitions
A new patient with TB was defined by bacteriological 
confirmation with sputum smear microscopy and/or 
Xpert MTB/RIF in the absence of prior TB treatment 
during screening.33 A patient with presumptive TB was 
defined by presentation with TB symptoms, including 
coughing for longer than 2 weeks, fever, night sweats 
or unexplained weight loss, and who tested negative on 
sputum smear or Xpert MTB/RIF.33 Diagnostic delay was 
defined according to the framework of WHO and used 
in previous studies34 35 as the interval between the onset 
of any TB-related symptom and the time of TB diagnosis 
of more than 3 weeks. Healthcare provider was defined 
as a person or facility that could provide healthcare, this 
included hospitals, pharmacies and dispensaries, as well 
as traditional healers. Prior medication was defined as the 
use of any prescribed or self-prescribed medication prior 
to TB diagnosis.4 We defined patients as poor if their 
wealth fell in the lowest or second-lowest wealth  quantile. 
The non-poor were defined as persons in the remaining 
middle, fourth and highest wealth quantiles.36
statistical and geographical analysis
We performed descriptive analyses to summarise the data 
and used χ2 or Fisher’s test to assess differences between 
groups in categorical variables. ‘A cut-off point of 300 
USD was used as a threshold for the monthly household 
income as indicated in another similar study.4 Cost distri-
butions were described by their medians and IQRs. Costs 
were further calculated stratifying by gender and poverty 
status. Wealth quantiles were generated following a prin-
cipal component analysis of standard household assets as 
indicated in the Tanzania household survey.26 To stratify 
between the poor and non-poor, we used wealth indica-
tors relating to household characteristics (eg, roofing 
type, cooking fuel and nature of flooring) and ownership 
of assets (eg, radio and mobile phone) to create wealth 
ranking as used in other studies.37 38 Patients in the first 
and second quantiles were considered poor and in the 
remaining quantiles as non-poor. We used the non-para-
metric Kruskal-Wallis test to assess the statistical signifi-
cance of the differences in estimated costs between 
groups. All significance tests were two-sided with a confi-
dence level of 95%. Quantile regression models were 
performed for median costs to examine the association 
Figure 1 Flowchart of the study population. Participants were enrolled until the final target of 100 patients with confirmed and 
100 patients with presumptive TB was reached. 
 o
n
 23 April 2019 by guest. Protected by copyright.
http://bmjopen.bmj.com/
BM
J O
pen: first published as 10.1136/bmjopen-2018-025079 on 20 April 2019. Downloaded from 
4 Mhalu G, et al. BMJ Open 2019;9:e025079. doi:10.1136/bmjopen-2018-025079
Open access 
of patient factors with the different types of costs. Factors 
considered in these models included male versus female, 
age in years, unskilled and semi-skilled labour, level of 
education and diagnostic delay. Statistical analyses were 
performed using Stata V.14.0 . ( Stata Corporation, 
College Station, TX, USA)
We mapped and visualised the pathways of patients to 
healthcare providers up to a maximum of five visits for the 
current episode of sickness as described elsewhere.3 14 We 
calculated straight lines distances in metres between the 
patient's household and the nearest health facility. The 
resulting distances were imported into Stata for further 
analyses. All geographical analyses were performed using 
ArcGIS (V.10.5, Esri Redlands, CA, USAAll maps were 
obtained from Open Street Maps.
Patient involvement
Patients were not involved in the development, design 
and analysis of this study.
results
Patient characteristics
The study population includes 100 patients with confirmed 
and 100 patients with presumptive TB (table 1). Patients' 
median age was 34 years, with patients with presump-
tive TB being slightly older than the confirmed patients. 
Men slightly predominated (55.5%) and accounted for 
almost two-thirds of the confirmed patients. Compared 
with patients with presumptive TB, confirmed patients 
had a somewhat higher education, were less likely to 
own a house and more likely to use a car transport for 
their first point of care. They more frequently used medi-
cation after the onset of symptoms and prior to seeking 
care at the health facilities (71% vs 44%, p<0.001). The 
proportion of patients with a monthly household income 
of less than USD 300 was 63% in confirmed and 75% in 
presumptive patients (p=0.06).
First point of care and diagnostic delay
Among confirmed patients, 44% first sought care at 
pharmacies after the onset of symptoms, whereas 42% 
of presumptive patients first sought care at hospitals 
(table 1). Fewer than 10% of patients in both groups 
reported visits to traditional healers as the first point of 
care. Confirmed patients frequently indicated more than 
two visits at health facilities (33% vs 9%, p<0.001).
The average time for first seeking healthcare after the 
onset of symptoms was 2 weeks. Overall, 45.5% sought 
care within 1 week after the onset of TB symptoms. For 
30%, the diagnostic was established within 2–3 weeks. 
For about a tenth, there was a diagnostic delay of 6 weeks 
or more. The diagnostic delay differed significantly 
between confirmed and presumptive patients, with 41% 
of confirmed versus 50% of presumptive patients having a 
short delay (of <1 week). Higher proportions of confirmed 
patients had a diagnostic delay of 4–5 and of ≥6 weeks.
Pathways to care
The spatial distribution of healthcare facilities in the 
study area shows pharmacies and dispensaries are distrib-
uted over the whole area (figure 2A). Hospitals are situ-
ated mainly in the urban centres and traditional healers 
predominantly in the peripheral area. Figure 2B,C 
offer examples of pathways to care until TB diagnosis 
in confirmed and presumptive patients. Pathways in 
confirmed patients involved several visits to the health-
care facilities before TB diagnosis. Pathways in presump-
tive patients were more direct with only one or few visits 
to healthcare facilities before TB diagnosis.
The median distance from patients' households to 
healthcare facilities including hospitals, pharmacies, 
dispensaries, and traditional healers was 2338 m (IQR 
1373–4122) for confirmed patients and 2009 m (IQR 
986–2976) for presumptive patients (p=0.25). Among 
confirmed patients, 37% lived within 500 m as did 42% of 
presumptive patients. Eighty-three per cent of confirmed 
patients and 72% of presumptive patients lived within 
1000 m from the nearest hospital. We did not find an 
association of the distance from patients’ household to 
the nearest possible healthcare facility with patient char-
acteristics such as being poor (defined as being in the 
lowest two wealth  quantiles), prior use of medication, 
or having more than two healthcare visits in multivariate 
analysis.
While seeking care at pharmacies was prominent for 
the first visit in confirmed patients and also reported by 
a fifth of the presumptive patients, subsequent visits at 
pharmacies were mentioned much less (figure 3). The 
second visit was characterised by a large proportion  of 
patients seeking healthcare at hospitals in both groups. 
Confirmed patients had more visits to healthcare facili-
ties compared with presumptive patients (none of the 
presumptive patients indicated a fourth and fifth visit).
Costs associated with seeking care
Patients spent a median of 31% (IQR 15.0%–56.3%) 
of their monthly household income for health expen-
ditures for all visits for TB diagnosis. For the first visit, 
confirmed patients had lower median costs than presump-
tive patients (USD 8.3 [IQR 4.6–17.5] vs 13.8 [IQR 
6.0–20.5]), but their costs became comparatively higher 
with increasing number of visits (see online supplemen-
tary table 1).
Overall, indirect costs were considerably higher than 
direct costs, both in confirmed and presumptive patients 
from the onset of symptoms until confirmation/exclu-
sion of TB (table 2). Confirmed patients had higher diag-
nostic costs than presumptive patients (USD 7.0 [IQR 
5.8–9.2] and 5.3 [IQR 1.4–7.0]), higher food costs and 
higher informal payments. Among the indirect costs, 
income reduction was considerably higher for patients 
with confirmed TB than presumptive patients (USD 23.1 
[IQR 6.9–55.4] vs 9.2 [IQR 1.4–25.4]).
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Table 1 Socio-demographic characteristics and diagnostic delay for the patients with confirmed and presumptive 
tuberculosis (TB).
Variable n (%) All n=200 Confirmed n=100 Presumptive n=100 P value
Age in years (median, IQR) 34 (27–41.5) 32.5 (26–39) 34 (29–43) 0.055*
Age groups 0.22
  18–27 years 52 (26) 30 (30) 22 (22)
  28–37 years 75 (37.5) 39 (39) 36 (36)
  >38 years 73 (36.5) 31 (31) 42 (42)
Sex 0.016
  Male 111 (55.5) 64 (64) 47 (47)
  Female 89 (44.5) 36 (36) 53 (53)
Education 0.023
  No education 34 (17) 12 (12) 22 (22)
  Primary education 122 (61) 59 (59) 63 (63)
  Secondary/university 44 (22) 29 (29) 15 (15)
Occupation 0.081
  Unemployed/housewife 59 (29.5) 30 (30) 29 (29)
  Unskilled labour 49 (24.5) 18 (18) 31 (31)
  Semiskilled labour 92 (46) 52 (52) 40 (40)
Household size 0.67 
  <4 93 (46.5) 45 (45) 48 (48)
  ≥4 107 (53.5) 55 (55) 52 (52)
House ownership 0.050
  Rented 135 (67.5) 74 (74) 61 (61)
  Own 65 (32.5) 26 (26) 39 (39)
Household income 0.067
  ≤300 USD per month 138 (69) 63 (63) 75 (75)
  >300 USD per month 62 (31.0) 37 (37) 25 (25)
Wealth quantile 0.54
  Poor households 47 (23.5) 21 (21) 26 (26)
  Second 33 (16.5) 16 (16) 17 (17)
  Middle 41 (20.5) 19 (19) 22 (22)
  Fourth 44 (22) 27 (27) 17 (17)
  Non-poor households 35 (17.5) 17 (17) 18 (18)
Prior medication <0.001
  Yes 115 (57.5) 71 (71) 44 (44)
  No 85 (42.5) 29 (29) 56 (56)
First point of care 0.004
  Hospitals 70 (35) 28 (28) 42 (42)
  Dispensaries 49 (24.5) 19 (19) 30 (30)
  Pharmacies 66 (33) 44 (44) 22 (22)
  Traditional healers 15 (7.5) 9 (9) 6 (6)
HC facility visits <0.001
  ≤2 158 (79) 67 (67) 91 (91)
  >2 42 (21) 33 (33) 9 (9)
Transport used for first point of care <0.001
  Car 70 (35.5) 22 (22) 48 (48)
Continued
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gender, poverty status and costs
Costs for different patient groups differed significantly. 
Overall, the median total direct costs were similar for 
men, USD 24.9 (IQR 17.5–41.9), and women, USD 24.6 
(IQR 16.1–42.4 p=0.66). Indirect costs for men, USD 64.6 
(IQR 31.8–159.1), were significantly higher than those 
for women, at USD 55.6 (IQR 25.1–141.1, p<0.001).
Analyses stratified by sex and poverty status indicate 
that poor men with confirmed TB had lower total direct 
costs compared with poor women (USD 24.4 [IQR 
18.9–47.9] vs 30.0 [IQR 18.7–49.6]) (table 3). For the 
patients with presumptive TB, total direct costs for poor 
men differed slightly from those of poor women (USD 
22.6 [IQR 17.5–29.1] vs 20.5 [IQR 14.3–35.1]). Among 
Variable n (%) All n=200 Confirmed n=100 Presumptive n=100 P value
  On foot 95 (47.5) 65 (65) 30 (30)
  Motorcycle/tricycle 35 (17.5) 13 (13) 22 (22)
Diagnostic delay  0.04 
  0–1 91 (45.5) 41 (41) 50 (50)
  2–3 60 (30) 26 (26) 34 (34)
  4–5 27 (13.5) 19 (19) 8 (8)
  6+ 22 (11) 14 (14) 8 (8)
P values provided by χ2 tests and Fisher’s exact test.
*Wilcoxon-rank sum test.
HC, health care facility; USD, United States Dollar.
Table 1 Continued 
Figure 2 Geographical analyses of healthcare facilities and pathways to care of patients with confirmed and presumptive TB in 
Temeke District, Dar es Salaam, Tanzania. Various types of healthcare facilities as the entry point into the healthcare system until 
final diagnosis at the TB clinic are shown.Panel A: Spatial distribution of healthcare facilities in the study area. Panel B: Possible 
pathways to care of patients with confirmed TB while seeking healthcare. Panel C: Possible pathways to care of patients with 
presumptive TB while seeking healthcare. 
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the non-poor men and women, direct costs differed only 
little  between confirmed and presumptive patients. In 
confirmed patients, diagnostic costs were lower among 
poor men compared with poor women (USD 6.91 [IQR 
4.61–9.22] vs 7.61 [IQR 1.38–10.14]), whereas for the 
presumptive patients, diagnostic costs were the same 
among poor men and women.
Total indirect costs, (table 4) among poor patients with 
confirmed TB were higher in men than women, (USD 
84.4 [IQR 55.3–125] vs 51.7 [IQR 27.6–73.4]), while this 
gender difference was absent in non-poor confirmed 
patients. Among patients with presumptive TB, poor men 
faced higher total indirect costs than poor women (USD 
50.2 [IQR 27.6–83.4]) vs 39.2 [IQR 18.6–116.0]).
Determinants of cost differences
On average, each week of diagnostic delay was associated 
with an increase in median total costs (direct and indirect 
costs) among confirmed patients by 1.44 USD (95% CI: 
0.93,1.96), p<0.001), but no significant association was 
seen in presumptive patients (table 5). Diagnostic delay 
was associated with an increase in total direct costs in 
confirmed patients (USD 0.52 per week, 95% CI: (0.34 to 
0.70), p<0.001), but with a decrease in presumptive 
patients (USD −0.84 per week, 95% CI: (−1.32 to –0.35), 
p=0.001). For total indirect costs, the pattern was similar, 
but neither of the two associations reached statistical 
significance.
Overall, having a university degree was significantly 
associated with higher indirect costs (USD 70.14, 95% CI: 
[9.47 to 130.80], p=0.02). None of the other factors of 
the model were significantly associated with median 
costs. The pattern of positive association between diag-
nostic delay and total costs among confirmed patients 
and negative association among presumptive patients 
was further supported by analyses using linear and 
quadratic terms (figure 4). Furthermore, we conducted 
regression analyses separately for different types of costs 
(see online supplementary tables 2 and 3). Medication 
costs in confirmed patients increased with the number of 
weeks of delay (USD 0.13 per week, 95% CI: [0.06 to 0.19], 
Figure 3 Spine plots showing distribution of healthcare facility visits during the pathway to care (first, second, third and fourth/
fifth visit) in confirmed and presumptive patients. Numbers on the graph indicate absolute frequencies.
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p<0.001), but not in presumptive patients. Transport costs 
were significantly lower among men and women with 
presumptive TB (USD −1.54, 95% CI: [−3.12 to –0.03], 
p<0.05). We further observed an increase in coping costs 
with the length of diagnostic delay in both confirmed and 
presumptive patients (see online supplementary table 
3). Finally, in patients with presumptive TB, costs due to 
decreased production were significantly higher among 
unskilled labourers (USD 8.71, 95% CI: [0.53 to 16.89], 
p=0.03).
DisCussiOn
This study indicates that pathways to care of the patients 
with confirmed TB are more complex compared with 
those of presumptive patients, involving visits at several 
healthcare providers among whom not all have necessary 
diagnostic equipment. A diagnostic delay of 6 weeks or 
more after the onset of symptoms was reported by 10% of 
the patients. Fifty per cent of the patients visited health-
care facilities within 1 week after onset of symptoms. In 
seeking care, patients incur substantial direct and indirect 
costs. The costs of care were higher in confirmed patients 
than in presumptive patients. For half of the confirmed 
patients, direct costs account for more than 30% of the 
monthly household income. Total costs were associated 
with diagnostic delay among confirmed patients only. 
The indirect costs were higher for men than for women 
whereas direct costs did not differ. Among the poor, direct 
costs were higher in women and indirect costs higher in 
men.
Almost half of the patients with confirmed TB began 
their search for care at pharmacies, and patients in both 
groups sought care from more than one healthcare 
provider before a diagnosis. This highlights a diagnostic 
shortfall in some healthcare facilities and poor manage-
ment of patients as documented elsewhere,39 and partially 
explains the diagnostic delay. Compared with findings 
of other studies,19 40 the observed diagnostic delay in 
our study was lower. However, a delay of at least 6 weeks 
observed in 10% of our study population still requires 
attention. Most patients lived near healthcare facilities, 
and only 9% of the patients with confirmed TB and 6% of 
the patients with presumptive TB reported visiting tradi-
tional healers. Living near healthcare facilities might have 
an impact on treatment seeking.41 We investigated the 
impact of geographical distance between household and 
health facility on health-seeking behaviour, but found no 
associations between distance and patient characteristics 
such as being poor, prior use of medication and having 
more than two visits to the healthcare facility. This is 
contrary to some other results that found distance to have 
an impact on patient characteristics such as treatment 
completion and diagnostic delay.35 42 43 Diagnostic delay 
was significantly associated with direct costs, indirect costs 
(borderline significance) and total costs in confirmed 
patients. The most likely explanation for this finding is 
Table 2 Direct and indirect costs (in USD) from the onset of symptoms until confirmation/exclusion of TB among patients with 
confirmed and presumptive TB.
Costs All n=200 Confirmed n=100 Presumptive n=100 P value
Average number of visits (range) 1.2 (1–5) 1.3 (1–5) 1.1 (1–3)
Median, (IQR) Median, (IQR) Median, (IQR)
Direct costs
  Diagnostic costs 7.0 (2.3–8.8) 7.0 (5.8–9.2) 5.3 (1.4–7.0) <0.001
  Medication costs 2.8 (1.4–8.0) 2.8 (1.4–9.2) 2.8 (1.4–7.4) 0.873
  Food costs 2.3 (1.4–4.2) 3.2 (1.8–5.3) 1.8 (1.0–2.5) <0.001
  Transport costs 3.2 (1.8–5.5) 3.2 (1.4–5.5) 3.7 (1.8–6.00) 0.154
  Informal payments 2.3 (1.4–4.2) 2.8 (2.3–7.4) 2.1 (1.0–2.8) <0.001
  Other direct costs 4.6 (2.3–9.7) 4.6 (2.3–9.5) 4.4 (2.3–9.7) 0.567
Subtotal direct costs 24.7 (16.1–42.4) 27.4 (18.7–48.4) 19.8 (13.8–33.9) 0.02
Indirect costs (median, [IQR])
  Coping costs 11.3 (4.6–23.1) 11.5 (4.61–20.98) 9.2 (4.6–27.7) 0.765
  Income reduction 15.7 (3.7–36.9) 23.1 (6.9–55.4) 9.2 (1.4–25.4) 0.001
  Decreased production 9.2 (1.4–23.06) 10.0 (3.2–26.3) 9.2 (0–16.8) 0.137
  Less paid labour 4.61 (0–12.0) 5.07 (0–15.22) 4.61 (0–9.2) 0.467
  Other indirect costs 8.5 (1.8–19.4) 11.8 (1.4–23.1) 6.5 (2.3–13.8) 0.056
Subtotal indirect costs 60.0 (25.1–141.1) 66.9 (35.1–149.9) 46.8 (20.1–115.3) 0.006
Total costs 83.0 (46.4–173.9) 99.2 (64.3–190.0) 67.11 (37.1–161.0) 0.003
P values provided by Wilcoxon rank sum test.
IQR, Interquartile range, TB, tuberculosis; USD, United States Dollar (1 USD=2168 Tanzania shillings, exchange rates as of August 2016).
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that diagnostic delay worsens patients’ morbidity, espe-
cially in patients with confirmed TB, thus increasing costs 
of healthcare.42
Patients in both groups spent a median proportion of 
around 30% of their monthly household income on health 
expenditures for up to five visits. The economic burden 
of direct and particularly indirect costs of seeking TB care 
for patients and their households are high for the margin-
alised population, which is most at risk of acquiring TB. 
These findings are consistent with other studies that show 
patients in low-income and middle-income countries face 
a very high economic burden of seeking TB care13 and 
expenditures for seeking healthcare for TB can cause 
or exacerbate poverty.44 The total costs for patients with 
presumptive TB were lower compared with confirmed 
cases in our study. These results are also consistent with 
those reported in other settings where half of the total 
costs for seeking healthcare are pretreatment costs which 
disproportionately affect poor patients with TB.13
While direct costs were relatively low, they may be 
catastrophic for patients who are semiskilled labourers 
reporting monthly household income of less than 300 
USD. Their situations can further be worsened by employ-
ment in the informal sector that lacks sickness benefits.44 
Patients with confirmed TB encountered higher indirect 
costs compared with presumptive patients, which may be 
due to the prolonged time required for diagnosis leading 
to their substantially higher income reduction as shown 
in our study.
We found higher indirect costs among poor men 
compared with poor women. This was mainly due to 
their more pronounced income reduction and decreased 
production. Although the direct and indirect costs were 
higher for men than for women, the costs of ill health are 
usually more profound for women and their households 
than for men. When women get sick the impact of the 
disease on their children and their families is stronger 
than when men get sick.11 Furthermore, financial burden 
may limit access to care for both confirmed and presump-
tive female TB patients since most of them lack financial 
autonomy. Moreover, their lower status in households 
deprioritises their health.
strengths and limitations of this study
Our study is the first to look at pathways to care and assess 
costs of care before the start of treatment in patients with 
confirmed and presumptive TB in an urban Tanzania 
setting. Studies have focused on pathways and costs of 
care in patients with confirmed TB and ignore the effects 
on presumptive cases. Furthermore, it’s the first study to 
estimate costs by stratifying according to poverty status 
and gender in sub-Saharan Africa. However, this study 
has some limitations. First, recall bias is a concern when 
inquiring about the costs incurred during healthcare 
seeking. This might influence the accuracy of the reported 
costs and pathways to care. However, we attempted to 
limit the recall bias by linking questions about costs with 
memorable events such as the onset of symptoms or first 
care seeking. Our interviews were also conducted by 
well-trained personnel who spent enough time with the 
respondents so as to obtain answers that were as accurate 
as possible. Furthermore, we only addressed pathways and 
costs of care until TB diagnosis to the public healthcare 
facilities. Therefore, we might have left out costs of care 
for the patients who had their final diagnosis at the private 
and faith-based healthcare facilities. Finally, we only esti-
mated the costs for TB diagnosis. However, comorbidities 
may have caused higher costs, but this is equally true for 
confirmed as well as patients with presumptive TB.
COnClusiOns
This study demonstrates the complexity of pathways until 
diagnosis in patients with confirmed TB. It also high-
lights the high financial burden for the period between 
symptom onset and diagnosis for patients with confirmed 
and presumptive TB and points to different direct and 
indirect costs among poor men and women. This under-
scores the need to strengthen the healthcare sector to 
ensure early diagnosis of TB. Ensuring integration of 
Figure 4 Margin plots showing associations between total costs and diagnostic delay in patients with confirmed TB (panel A) 
and patients with presumptive TB (panel B). Associations between median total costs and diagnostic delay were modelled by 
quadratic polynomials. The p values are from Wald test of the linear and quadratic terms of the diagnostic delay (p<0.001 for 
panel A, p=0.08 for panel B). 
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different healthcare providers including private, public 
health practitioners and patients themselves could help 
in reducing the complex pathways during healthcare 
seeking and optimal healthcare utilisation.39 Reducing 
the direct and indirect costs associated with treatment 
seeking is likely to support patients with confirmed and 
presumptive TB in timely accessing healthcare for TB 
diagnosis and treatment. Decreasing or removing user 
fees and further decentralisation of TB care could reduce 
diagnostic delay and lower expenditures. Additionally, 
strengthening of health systems policies including protec-
tion of patients against thesubstantial direct and indirect 
costs, as well as ensuring universal access to healthcare 
must be interpreted into actions for a better TB control.45 
These interventions are central for reaching the ambi-
tious WHO targets of zero deaths, disease and suffering 
due to TB by 2035.46
Acknowledgements We would like to thank all the patients who participated in 
this study. We thank the District and Regional TB coordinators of Temeke district 
and the National TB Programme in Tanzania for their support.
Contributors GM, JH, FM, KS, YM, SG, KR, KdH, TM, MGW, EZ, LF: conceived and 
designed the study. GM, JH, KS, CS, YM, FM: analysed the data. GM, LF: prepared 
the first draft of the manuscript. KR, KS, PM, YM, TM, MGW, TM, EZ, CS, LF: 
contributed to the major revision of the manuscript. All authors contributed to final 
manuscript revisions and approved the final version. 
Funding This work was supported by funding from the Rudolf Geigy Foundation 
(Basel, Switzerland).
Disclaimer The depiction of boundaries on the map(s) in this article do not imply 
the expression of any opinion whatsoever on the part of BMJ (or any member of its 
group) concerning the legal status of any country, territory, jurisdiction or area or 
of its authorities. The map(s) are provided without any warranty of any kind, either 
express or implied. 
Competing interests None declared.
Patient consent for publication Not required.
ethics approval The study was approved by Ifakara Health Institute Institutional 
Review Board (IHI/reference no IHI/IRB /09-2016), the Medical Research 
Coordinating Committee of the National Institute for Medical Research in Tanzania 
(NIMR reference no NIMR/HQ/R.8c/Vol. I/357) and the Ethics Committee of the 
Canton of Basel (EKNZ reference no BASEC UBE-2016-00260).
Provenance and peer review Not commissioned; externally peer reviewed.
Data sharing statement According to the Institutional Review Board of the Ifakara 
Health Institute, we are not allowed to make the data publicly available. Interested 
researchers should contact the corresponding author.
Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.
reFerenCes
 1. Hanson CL, Osberg M, Brown J, et al. Conducting patient-pathway 
analysis to inform programming of tuberculosis services: methods. J 
Infect Dis 2017;216:S679–S685.
 2. WHO Stop TB partnership. Tuberculosis patient pathways guide, 
2016.
 3. Shete PB, Haguma P, Miller CR, et al. Pathways and costs of care 
for patients with tuberculosis symptoms in rural Uganda. Int J Tuberc 
Lung Dis 2015;19:912–7.
 4. Said K, Hella J, Mhalu G, et al. Diagnostic delay and associated 
factors among patients with pulmonary tuberculosis in Dar es 
Salaam, Tanzania. Infect Dis Poverty 2017;6:64.
 5. Kapoor SK, Raman AV, Sachdeva KS, et al. How did the TB patients 
reach DOTS services in Delhi? A study of patient treatment seeking 
behavior. PLoS One 2012;7:e42458.
 6. WHO. Global tuberculosis report 2017. Geneva: World Health 
Organization, 2017.
 7. Ali M. Treating tuberculosis as a social disease. Lancet 
2014;383:2195.
 8. Lönnroth K, Jaramillo E, Williams BG, et al. Drivers of tuberculosis 
epidemics: the role of risk factors and social determinants. Soc Sci 
Med 2009;68:2240–6.
 9. WHO. Global Tuberculosis report 2016. Geneva: World Health 
Organization, 2016.
 10. de Cuevas RM, Lawson L, Al-Sonboli N, et al. Patients direct costs 
to undergo TB diagnosis. Infect Dis Poverty 2016;5:24.
 11. Kemp JR, Mann G, Simwaka BN, et al. Can Malawi’s poor afford 
free tuberculosis services? Patient and household costs associated 
with a tuberculosis diagnosis in Lilongwe. Bull World Health Organ 
2007;85:580–5.
 12. Ramma L, Cox H, Wilkinson L, et al. Patients’ costs associated with 
seeking and accessing treatment for drug-resistant tuberculosis in 
South Africa. Int J Tuberc Lung Dis 2015;19:1513–9.
 13. Tanimura T, Jaramillo E, Weil D, et al. Financial burden for 
tuberculosis patients in low- and middle-income countries: a 
systematic review. Eur Respir J 2014;43:1763–75.
 14. Veesa KS, John KR, Moonan PK, et al. Diagnostic pathways and 
direct medical costs incurred by new adult pulmonary tuberculosis 
patients prior to anti-tuberculosis treatment – Tamil Nadu, India. 
PLoS One 2018;13:e0191591.
 15. Senkoro M, Hinderaker SG, Mfinanga SG, et al. Health care-
seeking behaviour among people with cough in Tanzania: findings 
from a tuberculosis prevalence survey. Int J Tuberc Lung Dis 
2015;19:640–6.
 16. Ministry of health and Social welfare. The first national tuberculosis 
prevalence survey in the United Republic of Tanzania Final Report. 
Dar es Salaam, 2013.
 17. Mfinanga SG, Mutayoba BK, Kahwa A, et al. The magnitude and 
factors associated with delays in management of smear positive 
tuberculosis in Dar es Salaam, Tanzania. BMC Health Serv Res 
2008;8:158.
 18. Wandwalo ER, Mørkve O. Delay in tuberculosis case-finding and 
treatment in Mwanza, Tanzania. Int J Tuberc Lung Dis 2000;4:133–8.
 19. Ngadaya ES, Mfinanga GS, Wandwalo ER, et al. Delay in tuberculosis 
case detection in Pwani region, Tanzania. A cross sectional study. 
BMC Health Serv Res 2009;9:196.
 20. Ministry of health and social welfare. Manual of the tuberculosis and 
leprosy programme in Tanzania. Dar es Salaam, 2006.
 21. Onazi O, Gidado M, Onazi M, et al. Estimating the cost of TB and 
its social impact on TB patients and their households. Public Health 
Action 2015;5:127–31.
 22. Ukwaja KN, Alobu I, Abimbola S, et al. Household catastrophic 
payments for tuberculosis care in Nigeria: incidence, determinants, 
and policy implications for universal health coverage. Infect Dis 
Poverty 2013;2:21.
 23. WHO. Gender in tuberculosis research 2005. Geneva: World Health 
Organization, 2005.
 24. Somma D, Thomas BE, Karim F, et al. Gender and socio-cultural 
determinants of TB-related stigma in Bangladesh, India, Malawi and 
Colombia. Int J Tuberc Lung Dis 2008;12:856–66.
 25. Laokri S, Amoussouhui A, Ouendo EM, et al. A care pathway analysis 
of tuberculosis patients in enin: Highlights on direct costs and 
critical stages for an evidence-based decision-making. PLoS One 
2014;9:e96912.
 26. The United Republic of Tanzania. Population and housing census 
2012. Dar es Salaam, 2013.
 27. The United Republic of Tanzania. Tanzania poverty and human 
development report 2005. Dar es Salaam, 2005.
 28. The United Republic of Tanzania. Dar es Salaam region socio-
economic profile 2014. Dar es Salaam, 2014.
 29. Ministry of Health and Social Welfare. National Tuberculosis and 
Leprosy Programme, Annual report 2014. Dar es Salaam, 2014.
 30. Mhimbira F, Hella J, Said K, et al. Prevalence and clinical relevance 
of helminth co-infections among tuberculosis patients in urban 
Tanzania. PLoS Negl Trop Dis 2017;11:e0005342.
 31. Steiner A, Hella J, Grüninger S, et al. Managing research and 
surveillance projects in real-time with a novel open-source 
eManagement tool designed for under-resourced countries. J Am 
Med Inform Assoc 2016;23:916–23.
 32. WHO. The tool to estimate patients’ costs 2008. Geneva: World 
Health Organization, 2008.
 33. WHO. Definitions and reporting framework for tuberculosis–2013 
revision. Geneva: World Health Organization, 2013.
 o
n
 23 April 2019 by guest. Protected by copyright.
http://bmjopen.bmj.com/
BM
J O
pen: first published as 10.1136/bmjopen-2018-025079 on 20 April 2019. Downloaded from 
13Mhalu G, et al. BMJ Open 2019;9:e025079. doi:10.1136/bmjopen-2018-025079
Open access
 34. Storla DG, Yimer S, Bjune GA. A systematic review of delay in 
the diagnosis and treatment of tuberculosis. BMC Public Health 
2008;8:15.
 35. Sreeramareddy CT, Qin ZZ, Satyanarayana S, et al. Delays in 
diagnosis and treatment of pulmonary tuberculosis in India: a 
systematic review. Int J Tuberc Lung Dis 2014;18:255–66.
 36. Ministry of Health and Social Welfare. Tanzania Demographic and 
Health Survey and Malaria Indicator Survey (TDHS-MIS) 2015-16. 
Dar es Salaam 2016.
 37. Vyas S, Kumaranayake L. Constructing socio-economic status 
indices: how to use principal components analysis. Health Policy 
Plan 2006;21:459–68.
 38. Kuwawenaruwa A, Baraka J, Ramsey K, et al. Poverty identification 
for a pro-poor health insurance scheme in Tanzania: reliability 
and multi-level stakeholder perceptions. Int J Equity Health 
2015;14:143.
 39. Laokri S. Collaborative approaches and policy opportunities for 
accelerated progress toward effective disease prevention, care, 
and control: using the case of poverty diseases to explore universal 
access to affordable health care. Front Med 2017;4.
 40. Getnet F, Demissie M, Assefa N, et al. Delay in diagnosis of 
pulmonary tuberculosis in low-and middle-income settings: 
systematic review and meta-analysis. BMC Pulm Med 2017;17:202.
 41. Lake IR, Jones NR, Bradshaw L, et al. Effects of distance to 
treatment centre and case load upon tuberculosis treatment 
completion. Eur Respir J 2011;38:1223–5.
 42. Cai J, Wang X, Ma A, et al. Factors associated with patient and 
provider delays for tuberculosis diagnosis and treatment in Asia: a 
systematic review and meta-analysis. PLoS One 2015;10:e0120088.
 43. Ibrahim LM, Hadejia IS, Nguku P, et al. Factors associated with 
interruption of treatment among pulmonary tuberculosis patients in 
Plateau State, Nigeria. 2011. Pan Afr Med J 2014;17:1–6.
 44. Barter DM, Agboola SO, Murray MB, et al. Tuberculosis and poverty: 
the contribution of patient costs in sub-Saharan Africa – a systematic 
review. BMC Public Health 2012;12:980.
 45. Lienhardt C, Glaziou P, Uplekar M, et al. Global tuberculosis 
control: lessons learnt and future prospects. Nat Rev Microbiol 
2012;10:407–16.
 46. WHO. The end TB strategy 2015. Geneva: World Health Organization, 
2015.
 o
n
 23 April 2019 by guest. Protected by copyright.
http://bmjopen.bmj.com/
BM
J O
pen: first published as 10.1136/bmjopen-2018-025079 on 20 April 2019. Downloaded from 
